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An acid form of ricin - ricin T - with a molecular weight of 58 kDa, an iso- 
electric point, pI, of 7.0-7.1, and a sedimentation coefficient of 4.60 S has 
been isolated from the seeds of the Central Asian castor-oil plant Ricinus 
communis by gel filtration on Sephadex G-75 followed by ion exchange chroma- 
tography on DEAE- and CM-celluloses. The amino acid composition and the N- 
terminal amino acid residues of ricin T have been determined. 

Several forms of the toxic protein that has been called by various authors toxalbumin 
[i, 2], phytotoxin [3], toxin [4, 5], RCAII [6], ricin [7-15], ricin D and ricin E [16, 17], 
and ricin variant [18] have been isolated from the seeds of Ricinus communis L. from vari- 
ous growth sites. Among these it is ricin D that has been studied the most. In the present 
paper we report the isolation of an acid form of ricin from the seeds of the Central Asian 
castor-oil plant (castor beans) which we have called ricin T, and we give a characterization 
of it. Ricin T was obtained from a defatted flour of castor beans by a published method 
[16]. Gel filtration on Sephadex G-75 was used to purify the ricin. Separation was carried 
out in a 0.05 M Tris-HCl buffer having pH 8.0. Three fractions were obtained: G-I, G-2, 
and G-3, with yields of 30, 43, and 27%, respectively (Fig. I). 

Electrophoresis in 7.5% PAAG at pH 8.3 showed the presence in fraction G-2 of several 
protein components (Fig. i). By separating fraction G-2 on DEAE-cellulose equilibrated 
with 0.005 M Tris-HCl buffer, pH 8.5, we obtained four main fractions: DE-I, DE-2, DE-3, 
and DE-4 (Fig. 2a) with yields of 18.2, 36.2, 20.4, and 25.2%, respectively. Fraction 
DE-1 was eluted with the initial buffer, and DE-2, DE-3, and DE-4 with buffer containing 
0.025, 0.04, and 0.2 M NaCI, respectively. On disk electrophoresis, fraction DE-2 appeared 
in the form of three bands: one brightly colored and two minor ones (Fig. 2a). The further 
purification of fraction DE-2 was performed on CM-cellulose equilibrated with 0.005 M phos- 
phate buffer, pH 6.5. The protein fractions were eluted with the initial buffer and then 
with buffer containing 0.01, 0.02, and 0.2 M NaCI, successively. Figure 2b, shows a profile 
of the chromatographic separation on CM-cellulose and an electrophoretogram of the main 
peak DE2-CM-I eluted with buffer containing 0.01M NaCI. Electrophoresis of fraction DE2-CM-I 
showed only small amounts of impurities. The further purification of fraction DE2-CM-I 
was carried out by chromatography on DEAE-cellulose (Fig. 2c), and it was then dialyzed 
against distilled water and lyophilized. 

The homogeneity of the protein obtained (DE2-CM-I-DE-I), ricin T, was evaluated by 
disk electrophoresis, ultracentrifugation, and isoelectric focusing. Sedimentation analysis 
showed a single symmetrical peak with a sedimentation coefficient of 4.60 S. On isoelectric 
focusing in Ampholine supports in the pH range of 6-8, a pI value of the protein of 7.0-7.1 
was obtained (Fig. 3). The molecular weight determined by the Weber-Osborn method [19] 
was 58,000 daltons. 

The comparative characterization of the protein - ricin T - with ricins known from 
the literature is shown in Table I and 2. 

As we see, the ricin T that we had isolated differed considerably in molecular weight, 
isoelectric point, and sedimentation coefficient from ricins D and E and ricin variant 
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Fig. i. Gel Chromatography of crude ricin on 
Sephadex G-75. Column 4 x i00 cm; rate 32 ml/h. 
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Fig. 2. Chromatography: a) of fraction G-2 on DEAE-cellulose; b) 
of fraction DE-2 on CM-cellulose; c) of fraction CM-I on DEAE- 
cellulose. Column 2.5 x 30 cm; rate 20 ml/h. 
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Fig. 3. Isoelectric focusing of ricin T on 
Ampholine supports in the pH interval of 
6-8. 

isolated previously [16-18]. A marked difference was observed in chromatography on DEAE- 
cellulose at pH 8.5 in 0.005 M Tris-HCl buffer (Fig. 2a). The peaks corresponding to the 
ricin D and ricin variant, which were eluted under the same conditions at 0.01, 0.013, 
and 0.015 MNaCI, were very slight in our case. These results show the more acidic nature 
of ricin T than of ricins D and E and ricin variant (see Table i). A comparison of the 
amino acid compositions of ricins T, D, and E and ricin variant (see Table 2) showed that 
the amino acid composition of ricin T differed fromricins D andE and ricin varient with 
respect to the amounts of aspartic and glutamic acids, threonine, leucine, and isoleucine. 

Thus, from the seeds of the Central Asian castor-oil plant we have isolated a new 
variety of ricin - T - with a molecular weight of 58,000 daltons, pI 7.0-7.1, sedimenta- 
tion coefficient 4.60 S. Proteins corresponding to ricin D were absent or present in only 
very small amount in the seeds. 

EXPERIMENTAL 

Sephadex G-75 from Sweden, DE-32 and CM-32 celluloses from the United Kingdom, and 
Ampholines pH 3-10 and 6-8 from Sweden were used. 

7 3 9  



TABLE 1. Physical Constants of Isotoxins from the 
seeds of Ricinus communis 

Isoelectr ic S e d i m .  Literature 
Fraction Mol. wt. point,  pI coeff.  

4,60 S Ricin T 
CII 
Ricin E 
Ricin D 
Ricin variant 
Toxin 
Ricin 
Ricin (fraction D) 
RCA~ 
Ricin (fraction Q) 

58000 
63000 
64000 
60C00 
57009 
55000 
65000 
65O0O 
60000 
67000 

7,0--7,1 
9 
8 8  
7,34 
7.25 

7 . !  

4,45 S 
4.64 S 
4.60 S 

20 
17 
16 
18 
4.5 

13 
14 
6 

15 

TABLE 2. 
and E and of Ricin Variant 

Asp 
Thr 
Set  
Olu 
Pro 
Gly 
Ala 
I/2 Cys 
Val 
Met 
lie 
Leu 
Tyr 
Phe 
Lys 
Hls 
Arg 

Amino Acid Compositions of Ricins T, D, 

R i c i n  D Ricin E I Ricin var iant  
Amino acid Ricin T [_16] [17] [[18] 

59 62 
36 
39 
49 
25 
35 
38 
10 
29 

6 
36 
44 
20 
19 
9 
6 

32 
8 

495 

Ile/Ala 

59 
35 
37 
46 
26 
36 
37 
12 
29 

6 
35 
42 
20 
18 
9 
6 

32 
9 

493 

[le/Ala 

Trp 
Sum of the residues 
N-Termina l  amino 

acids 

63 
39 
33 
45 
28 
39 
41 

9 
35 
7 

39 
49 
21 
18 
12 
7 

37 
8 

522 

lle/Ala 

36 
39 
46 
26 
36 
37 
12 
29 

6 
34 
44 
21 
18 
9 
6 

34 
8 

500 

lle/Ala 

The castor beans freed from husks (500 g) were ground, extracted with cooled petroleum 
ether, and washed on a Buchner funnel cooled with ether until the oil had been eliminated 
completely, and were then dried in the air. The yield of defatted flour was 150 g (30%). 

Gel chromatography was performed by a published method [16] on Sephadex G-75, 700 
mg of total protein dissolved in 5 ml of 0.05 M Tris-HCl buffer, pH 8.0, being fraction- 
ated. The rate of elution was 32 ml/h. The fractions obtained (8 ml each) were subjected 
to spectrophotometry on an SF-16 at 280 nm. The fractions relating to a single peak were 
combined, dialyzed against water, and freeze-dried. The yield of peak I was 200 mg, of 
peak II 250 mg, and of peak III 150 mg. 

Column Chromatography on DEAE-Cellulose. A solution of 1 g of fraction G-2 in 50 
ml of 0.005 M Tris-HC1 buffer, pH 8.5, was deposited on a column equilibrated with the 
same buffer. Elution was performed in steps with the initial buffer containing 0.01, 0.015, 
0.025, 0.04, and 0.2 M NaCI. 

Column Chromatography on CM-Cellulose. Fraction DE-1 (700 mg) was dissolved in 10 
ml of 0.005 M phosphate buffer, pH 6.5, and was eluted with the same buffer containing 
0.01, 0.013, 0.025, and 0.5 M NaCI. The volume of samples taken was 5 ml every 15 min. 

The chromatography of fraction DE-2-CM-I on DEAE-cellulose was carried out under the 
same conditions as those described above. 

Disc electrophoresis in PAAG was performed by a known method [21] at a voltage of 
300 V, 30 mA, in Tris-glycine buffer, pH 8.3, for 4 h. The gels were stained with a 0.1% 
solution of Coomassie blue in methanol-~aater-acetic acid (5:5:1). The residues of the 
dye were washed out with a 7% solution of acetic acid. 
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The molecular weight of ricin T was determined by Andrews' method [22]. Lactate de- 
hydrogenase (mol. wt. 135,000), hemoglobin (mol. wt. 70,000), catalase (mol. wt. 60,000) 
pepsin (mol. wt. 33,000), trypsin (mol. wt. 24,000) and cytochrome C (mol. wt. 12,000) 
were used as markers. 

Ultracentrifugation. A solution of 10 mg of the protein in i ml of 0.1M sodium 
acetate buffer, pH 5.0, was centrifuged in a MOM-3170 ultracentrifuge. The sedimentation 
coefficient was calcualted as in [23]. 

The isoelectric point of the protein was determined by a published method [24] on 
a LKB-2117 Multiphor instrument (Sweden). Ampholine electrophoresis was carried at pH 6-8 
on Sephadex G-75 for 48 h. 

The amino acid composition was determined by the method of Moore and Stein [25] on 
a LKB-4101 amino acid analyser (Sweden). N-terminal amino acids were determined by the 
dansyl method [26]. 

SUMMARY 

i. A new variety of ricin has been isolated from the seeds of the Central Asian castor- 
oil plant Ricinus communis - ricin T -- with a molecular weight of 58,000 daltons, an iso- 
electric point, pI, of 7.0-7.1, and a sedimentation coefficient of 4.60 S. 

2. The amino acid composition and the N-terminal amino acids of the protein molecule 
have been determined. 

i. 
2. 
3. 

4. 
5. 
6. 
7. 
8. 
9. 

i0. 

ii. 
12. 
13. 
14. 
15. 
16. 

17. 

18 
19 
20 
21 
22 
23 
24 
25 
26 
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